As each newly sequenced genome contains a signi®cant number of protein-coding ORFs that are species-, family-or lineage-speci®c, many interesting questions arise about the evolution and role of these ORFs and of the genomes they are part of. We refer to these poorly conserved ORFs as singleton or paralogous ORFans if they are unique to one genome, or as orthologous ORFans if they appear only in a family of closely related organisms and have no homolog in other genomes. In order to study and classify ORFans we have constructed the ORFanage, an ORFan database. This database consists of the predicted ORFs in fully sequenced microbial genomes, and enables searching for the three types of ORFans in any subset of the genomes chosen by the user. The ORFanage could help in choosing interesting targets for further genomic and evolutionary studies. The ORFanage is accessible via http://www.bioinformatics.buffalo. edu/ORFanage.
INTRODUCTION
Large-scale genome sequencing projects enable us to gain different perspectives on nature, not possible before. One interesting ®nding that has become clear is that a large percentage of each newly sequenced genome contains proteincoding ORFs that do not resemble any other sequence in the databases. This phenomenon is by now well established, and seems to be an intrinsic part of the genomic material, independent of the growth in the number of new genomes that are sequenced (1±3). These species-speci®c unique sequences have been referred to as orphan ORFs or ORFans (4, 5) , and, in particular, singleton ORFans (1, 6) . The percentage of singleton ORFans in each newly sequenced genome can be as high as 60% (7), and they can be found also among strains of the same organism (8) . In addition to these unique ORFans, a large fraction of ORFs in each genome has homologs only in the same genome or in closely related genomes. We refer to these ORFs as paralogous and orthologous ORFans, respectively (1, 6) .
The existence of so many species-, family-and lineagespeci®c ORFs in each newly sequenced genome raises many interesting questions about their origin, evolutionary mechanisms, roles and functions (1, 2, 6 ). In addition, many ORFans could be attractive targets for further studies because of their uniqueness.
In order to study the ORFan phenomenon and its dynamics as new genomes are sequenced, we have constructed the ORFanage, an ORFan database. This database consists of all predicted ORFs in fully sequenced microbial genomes, and allows searching for singleton, paralogous and orthologous ORFans. Since orthologous ORFans are de®ned as appearing in only a small subset of organisms, the database allows the user to specify the subset of genomes on which to perform the search. Currently, our database includes ORFs from the ®rst 84 fully sequenced microbial genomes (strains not included), containing 31 850 singleton ORFans out of a total of 248 992 ORFs (13%). Out of these 31 850 singleton ORFans, 20 237 (63.5%) are shorter than 150 residues. Concerns have been raised as to whether short ORFans are coding sequences at all, and it has been assumed that their abundance may be due to errors, wrongly annotated genes or random distribution of nucleotides (9±13). Our and other studies have shown that this indeed could be the case for many of the short ORFans; however, not for all of them (1, 11, 14, 15) . Therefore, our database lists all ORFans found in the genomes, along with their length.
Lastly, we would like to emphasize that the ORFans listed are only ORFans with respect to our database. That is, homology searches in larger databases such as nr (NCBI nonredundant database) may result in ®nding matches in other genomes that are not currently listed in the ORFanage. However, analyses we have conducted on families of paralogous and orthologous ORFans identi®ed by the ORFanage show that most of these ORFans are still ORFans in the nr database (our unpublished results). Therefore it seems that sequences that are poorly conserved in 84 genomes are poorly conserved by nature. Since complete genome sequences are being deposited in the databases at a fast rate, updates of the ORFanage will be carried out periodically.
SOURCES OF GENOMIC DATA AND METHODS
The amino acid sequence ®les of complete genomes were downloaded, in chronological order of their publication, After the addition of each new genome to our database, gapped BLAST (16) was run for each ORF in the new genome, against our growing database of fully sequenced genomes. A match between this ORF and the other sequences was considered signi®cant if the ®rst BLAST hit had an E-value of <10 ±3 (or 10 ±5 for alignments of <80 residues) (6). An ORF without signi®cant matches was labeled as an ORFan, and this label could be changed later to non-ORFan if matches with ORFs in a newer genome were later found.
THE DATABASE
The ORFanage can be reached via http://www.bioinformatics. buffalo.edu/ORFanage and is constructed of two sections. The ®rst one is dedicated to singleton ORFans. It contains a list of all the genomes in our database as well as information about the percentage of ORFans in each genome at the time it was added to the database and after 60 and 84 genomes. Separate information is given for long and short ORFans (6) . Each genome's name is clickable, giving a list of the singleton ORFans in the genome.
The second, and main, section of the database is the ORFan searcher. Here the user can choose a subset of genomes to perform the search upon. The genomes are listed alphabetically, according to kingdom. The results of the submitted search are mailed to the user.
The resulting page is constructed of several ORFan tables. For each individual genome there are two tables, of paralogous and singleton ORFans. In addition, if the chosen subset of genomes contains sequences that are shared only among these genomes and are found in no other genome in the database, a table of orthologous ORFans is also produced. Thus, if two genomes that are closely related are chosen, ®ve tables will be produced (see Table 1 for examples).
The orthologous and paralogous ORFan tables list the sequence families that were found, each family consisting of at least two ORFs. Clicking on an ORF's name will display its amino acid sequence. The tables can be sorted by the number of sequences in each family, the length of the shortest or longest sequence in each family, or the average length of each family.
Since the ORFanage enables searching for sequences that are common to only several of the genomes, it enables studying species-speci®c or family-speci®c proteins, or searching for potential horizontally transferred genes among genomes that are not phylogenetically related. Thus, this database can be of valuable aid in choosing interesting and important targets for further studies.
DATABASE ACCESS
The ORFanage is freely available through http://www. bioinformatics.buffalo.edu/ORFanage. 
